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[57] ABSTRACT 

An apparatus and method for removing used refractory 
lining or slag or both from the inner wall of an elon- 
gated vessel The apparatus includes a cutting disc mov- 
ably mounted on a guide mechanism which may be 
fixably located within the vessel. In accordance with 
the inventive technique, one or more recesses is formed 
within the lining extending from the surface thereof to 
the wall of the vessel. 

7 Claims, 4 Drawing Figures 
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using an apparatus of the type having cutting means 

METHOD AND DEVICE FOR REMOVING USED operable to cut one or more recesses in the refractory 

REFRACTORY LINING AND/OR SLAG DEPOSITS lining, guide means for longitudinally guiding the cut- 

FROM ELONGATED VESSELS ting means centrally along the interior ofthe vessel, and 

„,., ' . 5 expander means connected to the guide means operable 

FIELD Twjvwmnrj t0 con,act one of the ^notary lining and the wall and 

INVENTION fixably locate the guide means in the vessel comprises 

The invention relates in general to refractory linings the steps of locating the guide means within the vessel, 

of elongated vessels, . and more particularly, to a new operating the expander means to fixably locate the 

and useful method and apparatus for removing used 10 guide means and actuating the cutting means to cut one 

refractory linings or slag deposits or both from elon- or more recesses in the refractory lining extending from 

gated vessels, particularly pig-iron cars and mixers. the surface of the lining to the wall of the vessel. 

In the metallurgical technology; elongated vessels By cutting or milling the recesses into the refractory 

provided with a refractory lining are employed "for lining over the entire length thereof, the compressive 

various purposes, A used refractory lining, of the slag ^ stress present there in i s reduced or completely re- 

which might have deposited thereon, must be periodi- moved . Since the surface 20ne of the lini is 

cally removed and a new lining provided This opera- ^ strongly worn down and in most instances also 

uon, in most instances, is manually performed with me chanicaJ!y damaged, the notches and cracks caused 

SLT^^^t^ f COnVentl0na 20 by wear are enlarged by the stress removal Then, only 

method is not totally satisfactory since it requires great 20 n UnU * ** i ■*vu t- * i • j- , . 

physical effort and, primarily, is hazardous to health, * Ight atlack Wlth breakj "? Xoo]s ™ P en0 ^ c m f hanj - 
because the work must be done in relatively narrow f al ^"cussions are usually needed to effect further 
confinement and results in a production of large loosenin 8 and dislodging of the hmng material to be 
amounts of dust so that inhalation by the workers is removed- 
unavoidable. Accordingly, such work by a single per- 25 ; «» accordance with another method feature of the 
son must be restricted to a very short period of time, invention, the concussions augmenting the dislodge- 
with frequent reliefs in service, resulting in high labor ment of the material after pressure or stress removal are 
costs. produced by pneumatically or hyd radically operated 

The prior art method is unsatisfactory not only in vibrators acting on the vessel. With vertically extending 

labor economy, but also in the economy of plant opera- 30 vessels, the concussions may be produced in accordance 

tion. with the invention by vibrators inserted into the cut 

The laborious breaking away of the lining material, recesses in their upper portion or applied on the lining 

which frequently is a mixture of hard slag and brick to be removed. 

fragments, takes much time during which the vessels, In another varient of the method applicable to elon- 

such as pig-iron cars, also known as torpedo cars, mix- 35 gated rotary vessels, the concussions may be produced 

ers, or blast furnace cowper stoves, for example, are out by continually rotating the vessel in one direction or 

of service. alternately in opposite directions. 

Many attempts have been made to improve this prac- Depending on, the size or diameter of the vessel, it 

tice. For example, to mechanize the removal of slag and may be advantageous to cut into the lining to be re- 

hning from pit furnaces West German patent 15 58 560 40 moved two or more uninterrupted recesses extending 

discloses special break-away machines. Special devices ai ong the entire wall of the vesseL TCs may sti]1 be 

have also been designed for breaking away the lining of more efficient for relieving the compressive stress in the 

blast furnaces, for example, see West German patent 15 lining . It is further advisab]e t0 cut the recesses aJ _ 

33 840 However, devices of this kind or simdar ones side each oth , d art b a distance f ^ *> 

rr US n " VQT ?™ T ™> ?° n S ated vessels 45 to 250 mm, depending on the given conditions. 

Stelx™~ y> ° r ^ AcCOrding * Sti11 Mother variation ofthe inventive 

■ ■ . . technique, the two recesses extending parallel to each 

SUMMARY OF THE INVENTION other may be provided at opposite locations on the 

The invention is directed to a method, and a special 50 ! nterior °J . th * ^ Sel ™ s * ; advantageous primar- 
device suitable therefor, which facilitates, simplifies, ^ In vertically extending,, upnght vessels. With larger 
and speeds the removal of used refractory linings or diameters , of the vessels, it is advantageous to cut a 
slag deposits or both from elongated vessels such as plurality of recesses, extending parallel in the longitudi- 
pit-iron cars or mixers. The invention is premised on the na1 directK n of the ve ssel, and distributed at spaced 
fact that refractory lining in cool state is under high 55 locat »° ns over the circumference ofthe vessel, 
compressive stress which is effective in the circumfer- A further vanant of the inventive method provides 
ential direction and builds up primarily as the shell of that in vessels which are provided with an entry or 
the vessel cools down since the lining/ having a differ- manhole in the central zone, at least one radially extend- 
ed coefficient of expansion, does not contract to the in 8 recess is cut in this zone into the lining to be re- 
same extend as the shell. 60 moved. In such a case, even two or more radially ex- 

The invention starts from the idea of facilitating the tending recesses may be cut into the lining and the 

removal of the refractor lining by dealing with this material between the recesses can then be broken away 

compressive stress first, namely by using the inventive by means of power-operated tools. This is a particularly 

measures and means for removing this stress, and only effective way of loosening and relieving stress in the 

then proceeding to the removal of the refractory lining. 65 lining of larger-sized vessels. Further, the lining be- 

In accordance with the invention, a method of re- tween two cut recesses may be divided by means of 

moving used refractory lining from the inner wall of ah power tools into smaller panels, to more effectively 

elongated vessel, particularly pig-iron cars and mixers, loosen and relieve the stress in the lining. 
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Applying the inventive method quite considerably 
facilitates and simplifies the removal of used refractory 
lining from elongated vessels, particularly if they are 
narrow. In- all instances, the hitherto purely manual 
work is substantially facilitated and the workers are 5 
relieved to a considerable extent of physical effort and 
danger. Health hazards due to dust development are 
also remarkably reduced, especially because the sojourn 
of the working teams can be shortened quite extraordi- 
narily. Further, the new method is by far more econom- 10 
ical than the prior art methods, since it requires much 
less labor and does not put the vessels representing a 
high investment out of service for such a long time as 
before. 

In accordance with the invention, an apparatus for 15 
removing used refractory lining from the walls of an 
elongated vessel, particularly pig-iron cars and mixers, 
includes cutting means for cutting one or more recesses 
in the refractory lining extending from the surface of 
the lining to the wall of the vessel, guide means such as 20 
a guide mechanism locatable within the vessel for longi- 
tudinally guiding the cutting means centrally along the 
interior of the vessel and expander members connected 
to the guide means operable to extensably contact one 
of the refractory lining end waJI and apply a pressure 25 
thereto to fixably locate the guide means. Due to the 
guide mechanism which can be secured in position 
within the vessel by means of expanders, manual work 
for producing the longitudinal slots or recesses is sub- 
stantially eliminated since the tools are guided in the 30 
longitudinal direction and mechanically adjusted to 
keep to a uniform cutting depth. 

Another feature of the inventive apparatus is that the 
cutting device may be equipped with a corrundum-or- 
diamond-tipped cutting disc, or that two such power- 35 
operated discs may be provided side by side. 

Further features of the invention relates to the guide 
mechanism for the cutting devices. The expanders may 
be operated pneumatically or hydraulically and the 
mechanism may be provided with guide members for 40 
two oppositely mounted carriers of cutting or milling 
devices or break-away tools; with larger vessels, guide 
mechanisms for three or more cutting or milling devices 
or break-away tools may be provided, of course. In 
addition, the guide mechanism may be equipped with a 45 
sliding carriage on which one or more of the devices or 
tools are mounted for pivoting and for being fixed in 
such positions that two or more parallel slots or recesses 
can be cut in succession". 

The invention further provides that the guide mecha- 50 
nism comprises a power drive for advance elements 
which are intended to effect the traveling motion of the 
carriers of the cutting or milling devices. This design 
makes it possible, upon adjusting the guide mechanism 
within the vessel, to cut the recesses completely auto- 55 
matically, without any manual intervention, so that 
accidents or health risks are completely avoided. 

Accordingly, it is an object of the invention to pro- 
vide a simple and quick method of removing used re- 
fractory lining from the inner wall of an elongated ves- 60 
sel and an apparatus for carrying out the method which 
is simple in design, rugged in construction and economi- 
cal to manufacture. 

The method is illustrated and one embodiment of the 
invention is shown in the accompanying drawings with ' 65 
the following description applied to an elongated pig- 
iron vessel, a so-called topedo car, for track-bound 
crude iron transporation. 


The various features of novelty which characterize 
the invention are pointed out with particularity in the 
claims annexed to and forming a part of this disclosure. 
For a better understanding of the invention, its operat- 
ing advantages and specific objects attained by its uses, 
reference is made to the accompanying drawings and 
descriptive matter in which preferred embodiments of 
the invention are illustrated. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings: 

FIG. 1 is a cross-section of a cylindrical vessel con- 
taining an apparatus in accordance with a first embodi- 
ment of the invention, schematically illustrated; 

FIG. 2 is a schematic illustration of a vessel in which 
a portion of the refractory lining has been removed in 
accordance with the invention; 

FIG. 3 is a cross-section of a cylindrical vessel with a . 
refractory lining on its inner wall schematically illus- 
trating the inventive apparatus in accordance with a 
second embodiment; and 

FIG. 4 is a cross-section of a cylindrical vessel having 
an inner refractory lining and illustrating an arrange- 
ment of a third embodiment of an apparatus for remov- 
ing the refractory lining in accordance with the inven- 
tion. 

DETAILED DESCRIPTION 

Referring now to the drawings in particular, there is 
shown various embodiments of an apparatus for remov- 
ing used refractory lining 2 from the wall 1 of an elon- 
gated vessel. 

In the figures, the cylindrical vessel wall is indicated 
at 1 and the refractory lining to be removed, at 2. As 
shown in FIG. 1, two adjacent parallel recesses are cut 
into lining 2, of which one is designated 3. The provided 
cutting device is a milling disc 10 with a drive 9. The 
cutting device 9, 10 is secured to a carriage 15 sliding in 
the longitudinal direction on guide rods 11. Guide rods 
11 are suspended from a guide mechanism 7. Guide 
mechanism 7 is rigidly fixed in place centrally of vessel 
1 by means of extensible expanders 8. 

To extend and apply them against the lining, expan- 
ders 8 may be pressure-fluid operated. In the embodi- 
ment of FIG. 1, however, only the upwardly extending 
expander 8 is pressure fluid operated, more particularly, 
by compressed air. The other two expanders 8 extend- 
ing obliquely downwardly are adjustable and fixable 
mechanically. Such a design is satisfactory for vessels of 
certain size in which the inside diameter or clearance 
within the the lining surface 4 varies only slightly. Ex- 
pander rods 6 are provided on their ends with claws 5 
which gain hold on the lining surface 4. 

Guide mechanism 7 is equipped with a drive (not 
shown) for advance elements comprising a driving 
chain 12 and associated sprocket wheels 13. 

Upon cutting the recesses 3, guide mechanism 7 with 
cutting device 9, 10 is withdrawn from vessel 1. Then 
by means of a drive provided on the torpedo car (not 
shown), the vessel is put into a continuous rotary mo- 
tion. This continuously displaces the deflection line of 
the vessel, and the elastic deformation of the vessel shell 
resulting therefrom causes the jiniug 2, relieved of stress 
to further fragmentize and disintegrate to individually 
crumbled segments 2a which become dislodged from 
the lining and accumulate on the vessel bottom. During 
further rotation, material 2b accumulated on the bottom 
produces an intense mechanical grinding effect on the 
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still firmly adhering parts 2a of the lining which are, means to cut one or more recesses in the refractory 

thereby, further loosened and dislodged. Experience lining extending from the surface of the lining to the 

has shown that time period of one-half hour to a few wall of the vessel, and further comprising continuously 

hours is sufficient to loosen and dislodge the old lining rotating the vessel in one direction, 

completely so that it accumulates on the bottom in the 5 2. A method of removing used refractory lining from 

form of fragments which can easily be removed from the inner wall of an elongated vessel, particularly pig- 

th ^J fessel ; iron cars and mixers, using an apparatus of the type 

FIG. 3 illustrates another embodiment of guide mech- having cutting means operable to cut one or more reces- 

amsm 7. In this design, three expanders 8 are again ses j n tne refractory lining, guide means for Iongitudi- 

provided which bear, by their expander rods 6 and 10 nally gui(Jing saicl cutting means ccntra ji y ^ong the 

claws 5, against the inner surface 4 of vessel lining 2. interior of the vesseIf and exp ander means connected to 

Claws 5 are connected to rods 6 by a movable joint. thc guide means opcrab i e t0 contact one of the refrac- 

In this embodiment, guide mechanism 7 is provided lory , ining and wal , and fixab] loca|e the ide means 

with two oppositely disposed millmg devices which are in the vessc|f comprisin g the steps of locating the guide 

mounted for travel along guide rods 11 The milling 15 mean s within the vessel, operating the expander means 

devices maybe equipped each with a single mining disc t0 fixed] , ocate the guide ^ e ans, actuating the cutting 

10, as shown in FIG 1 or m the upper part of FIG. 3 at me£ms t0 cm Qne J more . * f J 

9a, or with two milling discs 10, 10a as the cutting ,• • a ^ anfiin „ ^ „ tt , _ , „ ,. . . * 

device 14 shown the lower part of FIG. 3. It is forth J ^JT^T^ fc ' T * i ' 

possible, as depicted in FIG 3, to mount a cutting de- 20 ™! ri £ £ Zl ! ' * " ^ r / om ^^ alternately 

vice 9a for swiveling, so that two parallel recesses may "fT* , T ™ r °P^ s,te f irec IOnS , u . . 

be sequentially cut by milling disc 10a 3 * * mc * hod as set '"claim 1 or 2, wherein the 

As further follows from FIG. 3 separate advance a PP ara f us ha f power-operated break-away tool means 

mechanisms 12, 13 with drive motors 13a. which may f ° r St " k,ng the refr f ^ ry m,n S furth * r com P™"S the 

comprise guiding chain members, are provided for each 25 S * ep °i °P eratin S the break-away tool means to strike 

of the two cutting devices 9a, 14. the rcfractor y 1,nin S adjacent to one or more of the 

According to FIG. 4, the device may be equipped recesses. 

with two milling cutters 10* and, in addition, with a 4 \ A me ; hoc * as set forth in claim 1 or 2 comprising 

break-away tool 16 which, in the shown embodiment, is f u ! ting a P lura,lt y of s P fl ced recesses and subjecting the 

provided with a spade-orspoon-iike removing tool. The 30 llnin 8 between the s P aced recesses to vibrations, 

break-away tool may also be mounted for pivoting (not 5 ' A method of removing used refractory lining from 

shown). lne * nner wa H of an elongated cylindrical vessel, partic- 

These devices make it possible to perform the cutting uiar |y P^on cars and mixers, comprising thc steps of 

and milling and, if necessary, the breaking work too, in cutting a plurality of spaced recesses in the refractory 

elongated narrow vessels where virtually no escape is 35 linin S extending from the surface of the lining of the 

possible in cases of emergency, automatically and thus waI1 of tne vessel, then mechanically stressing the lining 

without any manual aid, so that upon adjusting the between said recesses, and further comprising continu- 

mechanism, the working team can withdraw from the ousiv rotating the vessel in one direction, 

vessel prior to starting the cutting and milling work. As 6 - A method of removing used refractory lining from 

compared to the hitherto practiced methods, this en- 40 * ne mner wa H of an elongated cylindrical vessel, partic- 

sures a maximum safety and speed. ularly pig-iron cars and mixers, comprising the steps of 

While specific embodiments of the invention have cutting a plurality of spaced recesses in the refractory 

been shown and described in detail to illustrate the lining extending from the surface of the lining of the 

application of the principles of the invention, it will be wall of the vessel, then mechanically stressing the lining 

understood that the invention may be embodied other- 45 between said recesses, and further comprising alter- 

wise without departing from such principles. nately rotating the vessel in opposite directions. 

What is claimed is: 7. A method of removing a used refractory lining or 

1. A method of removing used refactory lining from slag deposits or both from the walls of elongated ves- 

the inner wall of an elongated vessel, particularly pig- sels, particularly pig-iron cars and mixers, comprising 

iron cars and mixers, using an apparatus of the type 50 the steps of initially cutting one or more recesses along 

having cutting means operable to cut one or more reces- the wall of the vessel to a depth such as to reach the 

ses in the refractory lining, guide means for longitudi- vessel wall by means of a power operated cutting or 

nally guiding said cutting means centrally along the milling device traveling and guided alongside the ves- 

interior of the vessel and expander means connected to sel, and then exposing the material which is still present 

the guide means operable to contact one of the refrac- 55 between these recesses and has not been loosened as a 

tory lining and wall and fixably locate the guide means result of the relieved stress and pressure to periodic 

in the vessel, comprising the steps of locating the guide concussions by means of vibrators acting on the vessel, 

means within the vessel, operating the expander means thereby loosening the material and breaking it away, 
to fixedly locate the guide means, actuating the cutting 

60 
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